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f,M nf the Invention 
The pcocm invention general* relates to a new hydrogenated oxidized silicon 
^arbon (SiCOH) low dielectnc consent material which is fcenr.Hy stable to at least 350=C and 
\ me thod for iabncatng films of this material and electronic devices contain such film, and 
m0I - particularly, relates to a low dielectric constant, thennally stable hydrogenated oxidized 
tficon carbon (SiCOH) film for use as an tntralevel or interlevel dielectnc, cap matenal. or hard 
^polish stop m a ULSI beck^f-the-line (BEOL) wiring structure, electronic structures 
containing the films and a method for fabrication such films and structures. 

Btltkr - "" 1 " 1 Of tilt Indention 

The continuous shrinking in dimensions of electronic devices utilized in ULS1 
ciK uits in recent yean has resulted in increasing the resistance of the BEOL metalizadon as well 
. Rasing the capacitance of the intralayer and interlayer. This combined effect increases 
signal delavs in ULSI electronic devices. In order » tmprove the switching performance of 
£L ULSI circutta. low dielectric constant (k) insulators and particularly those «h k 
agnl ficandy lower than that of siheon oxide are needed to reduce the capacitance, Dtelectnc 
m Lials that have low k values have been commercially available, for instance, one of such 
^als i, polytetrafluoroethyiene (PTPE) with a k value of 2.0. However, these *electnc 

to useless during integration of these ci**n» in ULM ^ * 

stability of at least 400°C. 

The low-k materials that have been considered for applications in UT.Sl devices 
incl .de polymers containing Si, C, O, such as methylsiloxan, methylses^oxancs, and other 

Electric con^nt spin-on silicon oxide hased dieses' by Nicker et a,, ***** m 
I Re s. Soc. Sym, Pmc. vet «76 (1*7) P 25 appear to sansfy « 
cement, even though some of these materials propagate cracks eastly when reachmg 
^messes needed for integral * the interconnect suueture wnen films are prepared by a 
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5 sp.n^n technique. Further the precursor materia zre iugh cost and prohibitive for use in 

rLs production, In contrast to this, most of the fabrication steps of VLSI and ULSI chips arc 
earned out by plasma enhanced chemical or phys.cal vapor deposition techniques. The ability to 
10 fabdcate a low* material by a PECVD technique using readily available processing equipment 

5 ^il thus amplify its integration o the mana'acruring process and create less hazardous waste. 

It is therefore an object of the present invention to provide a low dielectric 
15 constant material of hydrogenated oxidized silicon carbon which is thermally Stable to at least 

350'C and exhibits very low crack propagation. 

20 h is another object of the present invention to provide a method for fabricating 

a low dielectric constant and thermally stable hydrogenated oxidized silicon carbon film. 

It U a further object of the present invention to provide a method for fabricating 
" a low dielectric constant, thermally stable hydrogenated oxidized silicon carbon film from a 

precursor which contains Si, C, 0 and H and which may have a ring structure. 

30 n is another further object of the present invention to provide a method for 

1 5 fabricating a low dielectric constat* thermally stable hydrogenated oxidized silicon carbon film 
from a precursor mixture which contains atoms of Si, C, O, and H. 
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It is still another further object of the present invention to provide a method for 
fabneating a low dielectric constant, thermally stable hydrogenated oxidized silicon carbon film 
in a parallel plate plasma enhanced chemical vapor deposition chamber. 

It is yet another object of the present invention to provide a method for fabricating 
, low dielectric constant, thermally stable hydrogenated oxidized silicon carton film for use in 
eleclr onic structures as an intralevel or bterlevel dielectric in a BEOL interconnect structure. 

U is still another tether object of the present invention to provide a method for 
fabricating a thcnx-lly stable hydrogenated oxid.zed silicon carbon film of low dielectric 
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.aa: capable of surviving a process temperature of at leas: 3 5C°C for four hours. 


constaa' 


It is yet another further object cf the present invention to provide a low dielectric 
constant, thermally stable hydrogenoiec oxidized silicon carbon rilm that has low internal stresses 
and a dielectric constant of not higher than 3.6. 

It is still another further object of the present invention to provide an electronic 
structure incorporating layers of insulating materials as intralevei or interlevel dielectrics in a 
BEOL wiring structure in which at least one of the layers of insulating materials comprise 
hydro cenated oxidized silicon carbon films. 

It is yet another further object of the present invention to provide an electronic 
structure which has layers of hydrogenated oxidized silicon carbon films as intralevei or 
interlevel dielectrics in a BEOL wiring structure which contains at least one dielectric cap layer 
formed of different materials for use as a reactive ion etching mask, a polish stop or a diffusion 
bamer. 

It is still another further object of the present invention to provide an electronic 
structure with intralevei or interlevel dielectrics in a BEOL wiring structure which has at least 
one layer of hydrogenared oxidized silicon carbon films as reactive ion etching mask, a polish 
stop or a diffusion bamer. 

ff um niyp' of fr» Invention 
In accnMance with the present invention, a novel hydrogenated oxidized silicon 
carbon (SiCOH) low dielectric constant material that is thermally stable to at least 350«C is 
provided. The present invention further provides a method for fabricating a thermally stable, 
low dielectric constant hydrogenated oxidized silicon carbon Sim by reacting a precursor gas 
containing atoms of Si, C, 0, and H in a parallel plate plasma enhanced chemical vapor 
deposition chamber. The present invention still further provides an electronic structure that has 
Layers of insulating materials as intralevei or interlevel dielectrics used in a BEOL wiring 
structure wherein the insulating material can be a hydrogenated oxidized silicon carbon film . 
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b a preferred embedment, a method for fabricating a thermally stable 
hydrogenated oxidized silicon carbon film car, be carried out by the operaung steps of first 
providing e parallel plate plasma enhanced chemical vapor deposition chamber, posmcmng an 
e'ectrorue smicture in the chamber, flowing a precursor gas containing atoms of Si. C. O, and H 
iw, the chamber, depositing a hydrogenated oxidized silicon carbon film on the substrate, and 
cpdcnalW heat treating the film at a temper**** not less than 300°C for a time period of at least 
0i hour The method may farther include the step of providing . parallel plate reactor wh.cH has 
a conductive are. of a substrate chuck between about 300 em2 and about 700 cm', and a gap 
fc«ween the substrain and a top electrode between about 1 an and about 10 cm. A RF power is 
applied to one of the electrodes at a frequency between about 12 MHZ and about 1 5 MHZ. The 
subsume may be positioned on the powered dearode or on the grounded electrode. An opuonal 
heat treating step may further be conducted at a tempore no. higher than 300<C for a first ume 
period and then at a temoerature not lower than 380'C for a ,*cond time period, the second ume 
period is longer to the fir* time period. The second time period may be at least 1 0 folds of the 


The precursor utilized can be selected from molecules with ring structures such 
" „ u 5 7-tetramethylcyclotetrasiloxane (IMCTS, or C.H„O.Sij, teaaethylcvclotetrasiloxane 

(C H O SiJ or decamethylcyclopentasuoxane (CA.O.Sy. However, other precursors 
combing sl C O, and H containing gases may also be used Such precursors may be selected 
20 from the group of methylsilanes, such as tetramethylsilane (SiCOU) or trimethyls.lane 
(SlH(C H ) )) with or without the addition of oxygen to the feed gas. The precursor can be 
Slivered directly as a gas » the reactor delivered a* a liquid vaporized directly within the 
reactor, or transported by an inert carrier gas such as helium or argon. The precursor mixture may 
40 farther contain elements such as nitrogen, fluorine or germanium. 

The deposition step for the hydrogenated oxidized sUicon carbon low dielectric 
constant film W furthex mclude the step, of setting the substrate temperature at between about 
25-C and about 4C0°C. setting the RF power density at between about 0.02 W/cnV and about 1 .0 
W/crf setting the precursor flow rate at between about 5 seem and about 200 seem, setung the 
c^bcr pres sure at between about 50 mTon and about 3 Ton, and setting a substrate DC bus 
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« between about 0 VDC and about -400 VDC. The deposition process can be conducted in a 
parallel plate type plasma enhanced cbemicai vapor deposition chamber. 

Tne pre** invention is further directed to an electronic structure which has layers 
of plating materials as intralevel or interlevel dielectrics in . BEOL interconnect structure 
WW* includes a pre-processed semiconducting substrate that has a first region of me* 
Mi in a first layer of insulating material, a fir* region of conduct embedded in a second 
laYW of insulating material which comprises SiCOH. said second layer of insula matenal 
being in intimate contact with said first layer of insulating material, said first region of conductor 
beino ta electrical communication with said first region of met* and a second regton of 
conductor being tn electricai communication with said first region of conduce and bemn 
^bedded in a third layer of insuhting materia comprises SiCOH, said third layer of m*uaung 
serial beung i. ungate coat^t with s,d second iayer of insulating matenal. The eiecn^c 
^ m ay further incl.de a dielectric cap layer situated in-between the first layer of tr^anng 

^ in-between the second layer of hating material and the «ftd layer oftnsulatmg 
^ial Tne electronic structure may further include a first dielectric cap layer between the 
second layer of ululating material and the third layer of insulating material, and a second 
dielectric cap layer on top of the third layer of insulating matenal. 

The dielectric cap material can be selected from silicon oxide, silicon nitride, 
5ilic0 „ oxinitride, refractory metal silicon nitride with One refractory metal being T, Zr Jifor 

^ dielectric cap layer may be selected fam the same group of die.ecuSc matenaU. Tne fir* 
, ayer of tnsulating material may be silicon oxide or sUicon nitride or doped varies of *~ 

I* oH .electric matenal deposited oc at least one of the second and third layer of ^ 

Toting material for use as a RIE hard mulish stop layer and a d.lectnc 

barrier layer on top of the dielectric RIE hard masWpoush-stop layer. Tne e.ectroruc struck 
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of insulating material, a first dielectric RE diffusion barrier layer on top of the first dielectric 
poiish-stop layer, a second dielectric RIE hard ausk/pelish-stop layer on top of the third layer 
of insulating materia;, and a second dielectric diffusion barrier layer on top of the second 
dielectric poiish-stop layer. The electronic structure may further include a dielectric cap layer 
of same materials as mentioned above between an interievel dielectric of SiCOK and an 
intralevel dielectric of SiCOH. 

Erfrf Pfflrtp**"" oftht Drawings 
These and other objects, features and advantages of the present invention will 
become apparent from the following detailed description and the appended drawings in which: 

Figure 1 is a cross-secxional view nf the present invention parallel pkte chemical 
vapor deposition chamber. 

Figure 2 is a graph illustrating a FTIR spectrom obtained on a SiCOH film 
prepared by the present invention method. 

Figure 3 is a graph illustrating a FTTR spectrum of a SiCOH film of the present 
invention showing a deconvolution of a Si-O-Si peak into Si-O-Si and Si-0 peaks. 

Figure 4 is a graph illustrating the dependence of crack growth velocity data 
obtained in water on film thicknesses for the present invention SiCOH films and typical Si based 
spin-on dielectric films . 

Figure 5 is a graph illustrating the dielectric constants of the present invention 
SiCOH films prepared under various PECVD processing conditions. 

Figure 6 is an enlarged cross-sectional view of a present invention electronic 
device having an intralevel dielectric layer and an interievel dielectric layer of SiCOH. 


Figure 7 is an enlarged, cross-sectional view of the present invention 
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structure of Figure 6 having an additional diffusion barker dielectric cap layer on top of the 
SiCOH film. 

Figure 8 is an enlarged, cross-sectional view of the present invention electronic 
structure of Figure 7 hiving an additional RJE hard mask/polish stop dielectric cap layer and a 
dielectric cap diffusion barrier layer on top of the polish-stop layer. 

Figure 9 is an enlarged, crcss-seetiona! view of the present invention electronic 
structure of Figure 8 having additional RE hard mask/polish stop dielectric layers on top of the 
interlevel SiCOH film. 

p ftf ilM TWrintmn afth f f>r.f.rr..ri and AltfrnXe Embod im e n t! 

The present invention discloses a novel hydrogenated oxidized silicon carbon 
material (SiCOK) comprising Si, C, 0 and H in a covalentiy bonded network which is thermally 
stable to at least 350 6 C and having a dielectric constant of not more than 3.6. The present 
invention further discloses a method for fabricating SiCOH films in a parallel plate plasma 
enhanced chemical vapor deposition chamber. A precursor gas contacting Si. 0, C and H and 
optionally containing molecules which have a ring strucnae can be used for forming the SiCOH 
film. The SiCOH low dielectric constant film can further be heat treated at a uanperature not less 
than 300°C for at least 0.5 hour to improve its thermal stability. 

The present invention therefore discloses a method for preparing thermally stride 
SiCOH films that have low dielectric constant, e.g.. lower than 3.6. which are suitable for 
integration in a BEOL wiring structure. The films can be prepared by choosing a suitable 
precursor and a specific combination of processing parameters as described below. 

Referring initially to Figure 1 wherein a simplified view of a PECVD reactor 10 
for processing 200 mm wafers is shown. The gas precursors are introduced into reactor 10 
through the gas distribution plate (GDP) 14, which is separated from the substrate chuck 12 by 
, gap and are pumped out through a pumping port 18. The RF power 20 i, connected to the 
substrate chuck 12 and transmitted to the substrate 22. For practical purposes, all other parts of 
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the reactor are grounded. The to 22 thus acquires a negative bias, whose value is 
dependent on the reactor geometry and plasma parameters. lr. a different embodiment, the RF 
pcwe ^ ">0 an be connected to the GDP 14, which is electrically insulated from the chamber, and 
the substrate chuck 12 is grounded. In another embodiment, more than one electrical power 
supplv can be used. For instance, rwo power supplies can operate at the same RF frequency, or 
one mav operate at a low frequency and one at a high frequency. The two power supplies may 
be connected both to same electrode or to separate electrodes. In another embedment the RF 
power supply can be pulsed on and off during deposition. Process variables controlled durrng 
deposition of the low-k films are RF pow*. precursor mixture and flowrate, pressure in reactor, 
and substrate Following are several examples of deposition of low-k Sims from a 

precursor ofTMCTS. In these examples, the precursor vapors were transported into the reactor 
by using He as a carrier ga, After deposition, the films were heat treated at 400'C to stable 
their properties. 

Example 1 

ta this implementation example, a plasma was operated in a continuous mode 
during film deposition. The pressure in die reactor was maintained at 300 mTorr. The substrate 
was positioned on the powered electrode to which a RF power of 25 W was applied at a 
ta »«yofl3.S6MHZ. Thesu-.trateacquiredaselfneganvebiasof-^VDC. Thefilmthus 
deposited had a dielectric const** of lc-4.0 in as-deposited condition. After stabilization anneal, 
the film has a dielectric constant of Mi 5. 

Example 2 

In this implementation example, the plasma was operated in a continuous mode 
during film deposition. The pressure in me reactor was maintained « 400 mTorr. Thesubstrate 

.flJ56MHZ. Tne^ S trate«c q uireda S elfnegativebi a sof-25VDC. The film deputed has 
a dielectric constant of k=3i3 in as-deposited condition. After stabilization anneal, the film has 
i dielectric constant of k*2.95. 
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Example 3 

In this implementator, example, the plasma was operated in a pulsed mode during 
filir. exposition, i.e.. with a plasma-on time of 18 ms and a piasm^ff -me of 182 ms per cycle. 
The pressure in the reactor was maintained at 300 mTorr. The substrate was positioned on the 
powered electrode to which a RT power of 9 W was applied at a frequency of 1 3 .56 MHZ. The 
s« acquired a self negative bias of - 9 to 0 VDC. Tne Elm thus deposited has a dieleemc 
constant of k-3.4 in as^eposited condition. After stabilization anneal, the film has a diclectnc 
constant ofk-2.96. 

Example 4 

In thi* implementation example, a different precursor of tttramethylsilane was 
used wtth the plasma operated in continuous mode during film deposition. Tne pressure in the 
factor was maintained at 200 mTorr. The substra* was positioned on the powered electrode 
l0 which a RF power of 9 W was applied at a frequency of 13.56 MHZ. The subswte acqurred 
a self negative bias of - 200 VDC The film thus deposited has a dielectric constant of k=3.6 m 
as-deposited condition. Ate stabilization anneal, the film has a dielectric constant of W.86. 

The present invention novel material composition includes atoms of Si, C, 0 and 
H A statable concentration range can be advantageously selected from between about 5 and 
about 40 atomic percent of Si; between about 5 and about 45 atomic percent of C; between about 
0 and about 50 atomic percent of O; and between about 10 and about 55 atomic percent of H. 
„ .hould be noted that when the atom* percent of O is 0, a composition of SICK is produced 
which has properties similar to mat of SiCOH and therefore, may also be suitably used as a 
Pttscnt invention composition. For instance, Example 4 describes a film of SiCH w,th no 
oxygen Tne SiCH film may be deposited by flowing a precursor gas containing St, C and H into 
a Piasma enhanced chemical vapor deposition chamber. The present invention matenal 
composition may further include at leas, one element such as P, V or Oe while producing 
similarly desirable results of the present invention. 

The films deposited as described above are characterized by FTTR spectrum 
arnilar to the one shown in Figure 2. Tne spectrum has .bsorption peaks corresponding to OH 
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oonds at 'MS -d 2910 Si-Hbonds at 2240 cnT and 2170 «<. S.-C bond* at 127 1 
1 to- Si bonds ai !030 an"', me relative pities of these ^ can change «* 

-•-junmil deposition conditions. The peax at l uju cn uiu ....;„ , h . 

1^25 as in— in Figure 3. The tor p-k is - *e — P~ - - * 

;; C - Iokt. « - of the precursor ring ~ in *e deposi*d 

TML i s prct-uiwi, — ^ i u inc-eascs from 0.2 

^ ^^ooftheare.ofthelOOc^^tothatof^l^- pe* > - 

M more than 1.1 with decreasing value of the dieleetric constant from 4 to 2.95. 

S-COH tt» those of Isoelectric constant polyene films containing similar element, 
«— of present SiCOH fihn S prepared * different plasma colons. 

Ote p~ -h as Ai» H„ and N': can be used as came: gases. If the precursor 
* ent vapor pressure no earner gas may be needed. An alternative way to transport a 


and F. 


quired *e deposited SiCOH films may further be stabilized before uidergoing 

• processing to either evaporate the residual volatile contents and to 

further integration processing stabilization 

■ n «r,hili2e the films or just dimenstonally stabilize the turns, 

toensionally stabte the mm ^ fa a ^ 

« ,„„ he carred out in a furnace annealing step at between w 
process can be cameo om • „ can also be performed in 

• h«ween about 0.5 and about 4 bora. The filiation process can also 
period between aoouiu dielectric constant of the 

, h ~n»l annealing process at temperatures above 300 C. Tbe mei 
a rapid thermal anneaiius ? not higher than 3.6. 

u • a o^orrfino to the present uivention novel process are not «b> 
SiCOH Sims obtained according to the preaen ^ 

■n. ihermal stability of the SiCOH films obtained acconung to the present 
up to at least a temperature of 350'C 
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The SiCOH filns obtained by the present invention process are characterized by 
dietecthc constants of k < 3.6, and are thermally sable for process integration in a BEOL 
imercor.nect structure which is normally processed at temperarures of up to 400°C. Furthermore, 
these SiCOH films have extremely low crack propagation velocities in water, i.e„ below 10* m/s 
aid ma. even be below 10" 11 m/s. In contrast, polymeric dielectric funs are characterized by 
crack propagation velocities in water of 1 0* m/s to 1 0" m/s at similar thicknesses between 700 
am and 1300 ran. The present invention novel material and process can therefore be easily 
adapted in producing SiCOH film* as intralevel and interlevel dielectrics in BEOL processes for 
logic and memory devices. 

The electronic devices formed by the present invention novel method are shown 
in Figures 6-9. It should be noted that the devices shown in Figures 6-9 are merely illustration 
examples of the present invention method while an infinite number of other devices may also be 
formed by the present invention novel method. 

In Figure 6, ar, electronic device 30 is shown which is built on a silicon substrate 
,2 On top of the silicon substrate 32, an msularing material layer 34 is first formed with a first 
region of metal 36 embedded therein. After a CMP process is conducted on the first reg.on of 
metal 36 a hydrogenated oxidized silicon carbon film such as a SiCOH film 38 is deposited on 
top of the fix* layer of insulting material 34 and the first region of metal 36. Tta first layer of 
insulating material 34 may be suitably formed of silicon oxide, silicon nitride, dor : vaneues 
of mese matenals, or any other suitable insulating materials The SiCOH film 3S is then 
patterned in a photolithography process and a conductor layer 40 is deposited tiierem. After a 
CMP process on the «-t conductor layer 40 is carried out, a second layer of SiCOH filtn 44 is 
depostted by a plasma enhanced chemical vapor deposition process overlying the first SiCOH 
film 38 and the first conductor layer 40. The conductor layer 40 may be deposited of a metallic 
^al or a nonmetallic conductive material. Forinstance, a metallic material of ahminum or 
copper, or a nonmetallic material of nitride or polysilicon. Tte first conductor 40 is in electrical 
commonicauon with the first region of metal 36. 
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A second resion of conductor 50 is then formed after a photohthogruphic process 
on second SiCOH 51m layer 44 is conducted followed by a deposit process for the second 
co^or serial. me -end region of conductor 50 nay also b. deposited of either a rcetaUi : 
^1 or a nonmetailic matena.. similar to tha. used in deposmng the first conductor layer 40^ 
The second region of conductor 50 is in electrical communication with the first re^on of 
conductor 40 and is embedded in the second layer of SiCOH u*ulator 44. The second layer of 
SiCOH film is in intimate contact with the first layer of insulating material 38. In this **** 
cxample the first layer of insulating material 38 of SiCOH is an intralevel dielecmc roatenal 
.hile ^ second ,ycr of msulatng material, i.e., the SiCOH film 44 is both an intralevel and an 
interi evel dielectnc. Based on the low die.ecrric constant of the SiCOH film, superior insulaung 
property can be achieved by the first insulating layer 38 and the second insulating layer 44. 

Flg ure 7 show, a present invenuon electronic device 60 similar to that of 
itaeOTi c dev.ee 30 shown in Figure 6, but with an additiona! dielectric cap layer 62 deposited 
between the first insulating material layer 38 and the second in* material Uyer 44. The 
dielectnc cap layer 6. can be suitably forme, of a matenal such as silicon oxtde. — d • 
^n oxinitride, refractory metal silicon nitfde with the refractory metal betng Ta, Zr. Hf or 
W silicon carbide, silicon carbo-oxide (SiCO), and their hydrogenat.d compound T*e 

especially into layers 34 and 32. 

Another alternate embodiment of the present invention electronic device 70 is 
sh own in Figure 8. In the electronic device 70. two additional dielectric cap layer, 72 and 74 
which act as a R1E mask and CMP (chemical mechanical polishing) polish stop j^^* 'j*^ 
Tne ^dielectriccaplayerTZ a deposited on top of the fet insulanng matenal (S.COH) iayer 
as a RIE mask. The function of the second Electric layer 74 is to pro.de a, end 

L 74 » be depostted of a suitable dielectric materia, such as si.icon ^e. s— 

sl i icon oxinitnde. refractory metal siUcon nitride with the refractory metal betng Ta, 

W silicon carbide, silicon carbo-onide (SiCO), and their hydrogenated compounds, ^e top 
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sur , aC e nf thB dielecunc layer 72 is at the sane level m the fast conductor layer 40. A second 
die : ccnc UyeI 74 can be acded on top of the second tnsularing material (SiCOH) layer 44 for 


the same purposes. 


Still another alternate embodiment of the present invent electron* dev.ee 80 
shown in Ftgure 9. In this alternate cmbod.ment, „ additional layer of dielectnc 12 u 
depos^ ted and thus dividing the second insula** material layer 44 into two separate Uyers 84 
Z* The ^alevel and mterlevel dielectric layer 44 formed of SiCOH, shown in Ftgure 8. 
is ^fore divided into an interl.yer dielectric layer 84 and an intralevel dielectnc layer 86 at 
me boundary between via 92 at* interconnect 94. An addinonal dtfruaion barrier Uyer 96 t, 
L« depose on top of the upper die.ectric layer 74. Tta additional beneftts proved by - 
^JL^ electronic structure 80 is that dielectric lay. 82 acts as an RIE etch stop 
providine superior interconnect depth control. 

Still other alternate embodiments may include an electronic structure which has 
layers of insula^ material as intralevel or inter.evel d.electrics in a wiring «ruc«re th*t 
I 1 a pre- processed semiconducting substrate which has a first regton of metal embedded 
: ttJer li^^*^*^^*^** 

I ZTTyer of insuUting material, and the first region of conductor . . 
UunicaLn the first region of meta!. a second region of conductor » elects 

ZU where, the third layer of insulating material is in inornate contact with *e 

II thi d ^er of insulering material, and a second dielectric cap layer on top o the *.d 

;;Lai^^ 

Still other alternate embodiments of the present invention include an electronic 
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codded in i to layer of —n* • ** ° f « ,Bdn ° 0r embC<lded * 4 "™f 

^ 3 f insulating matenal which ,s in irdmate ccn,a with the to layer * utsular^ ^ 
*e ^ re*io» of conductor is in electrical co™cat:on with the to regton of metal, a 
s^ond region of conductor that is in electrical coromunicauon w«h the to region of conduaor 
5 and a embedded ^ a third layer of insulating mater* the **d layer of gating rnaxnal am 

rf amaterial including atoms of Si, C O and H deposed on attest oce of the second and tiurd 
layers of insulating material. 

Still other alters embodiments include an electronic structure which has layer* 
of bating material as intraleve. or interlevel dielectrics in a wiring structure that deludes a 
1 processed semiconducting substntte that has a to region of metal embedded ma 
of mTattng material, a to re^on of — embedded in a second layer of ^aung 
^ which is in**, -tact with the first layer of gating material, the to reg ; on o 
-onductor is in electrical common «hh the to region of metal, a second re S ,on of 
"onductor in electrical communication with the first region of conductor and is embeddea in^i 
Uyer of insulaung serial, the third layer of insula** material is in intimate contact with 

on top of second layer of insulating material, and a diffusion bamer layer on U, of ^ W 
^polish stop laye, wherein the NE hard masWpolish stop Uyer and the dtflus.n 
barrier layer art formed of a material including atoms of Si, C, O and H. 

SHU other alternate embodiments include an electron* structure which ha, layers 
of insulating materials as intxalce! or interlevel dielectrics in a wiring structure that include, a 

rlctor is tn electricai communication with me to re*o„ of metal, > «^ 
nductor in eietfrical con— on with the to region of conductor and ts embedd* m a 

* layer of instating materia!, a first fUE hard ma*, polish stop layer on top of the 
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20 


15 


.nd a second diffusion bamec layer on top of the second Kit naru 

uven are formed of a material including ■»"» of Si. C. O and H. 

Sull other alternate embodiments of the present invention includes - 
e that has lay« of i— g material as intxalevel or mterlevel dielectrics in a winng 
tT^tocriW in— above but iW. fa**- a dielectnc cap layer 
BnenaesimtariottatdacnBea f( .. r 0indH situated between an interlevel 

wWch is formed of a material including atoms of S., C O and H atuate 
dielectric layer and an intraleve! dielectric layer. 

i m A the electronic structures formed by such 

The present invention novel method and the eiectroni 

, „ oeerl amply demonstrated in the above descriptions and irt the appended 

melh0 J have therefore been ampiy tthe examsles of the present invention 

d^gsofF*— *^*^^JZZ^"*~ 

elecW nic structures shown m Figures 6-9 are « ^ ^ 

to«d« novel method which, obviously, can be applied « the fabneanon 

of electronic devices. 

. ^ i. ^ illustrative TTianiicr, it should 
While the prtseni invention has been desenbed m an uiuw« 

rather than of limitation- 

Furore, while the present Mention has been describe. ^ «. *• 

« appiy ^ teachings to other po— of the u— . 

yjjj ^diment of me invention in which at, exclusive property or privilege is 
claimed are defined as follows: 
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Claims 

1 A material composition comprising elements of Si. C, O and H, said 
con^n havmg a covalently bonded ~ and a dieiecme ctattt of not more than 3.6. 

2 A material composition according to stem 1 . whereto t*d composition 
f ^er composes be^eenaboutSanda^^^^ 

45 atomic percent of C; between 0 and about 50 atomic percent of O; and between about 10 and 
about 55 atomic percent of H. 


3 . A material composition according to claim 1. wherein said composmon 
20 ^ng a covalently bonded three-dimensional network. 

4. A material composition according to claim 1 , wherein said composition 
having * covalently bonded ring network. 

5. A material composition according to claim 1, wherein said composlion 
being thermally stable to a temperature of at least 350»C. 


20 


6 A film formed of the material composition according to clam 1, wocretn 

in water of less thanlO 'm/s. 

7 . A film according to claim 6. wherein said crack propagation velocity in 
water is less than lO^m/i. 

g . A material composition according to claim 1 . wherein said Si atoms arc 
at least partially submitted by Ge atoms. 

9 A ro atenal composition according to clam, 1 . wherein said composition 

3.2. 
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10. A materia] composition according to cia^n 1 taker comprising at least 
one element selected from the group consisting of F, N, and Ge. 

H. A method for fabricating a thermally stable low dielectric constant film 

comprising the steps of: 

providing a plasma enhanced chemical vapor deposition (PECVD) chamber, 

positioning substrate in said chamber, 

flowing a precursor gas containing Si and at least two elements selected from the 
group consisting of C, O and H into said PECVD chamber, and 

depositing a hydrogenatcd silicon carbon or hydrogenaied oxidized silicon carbon 

filn: on said substrate. 

12. A method according to claim 1 1 , wherein said plasma enhanced chemical 
vapor deposition chamber is a parallel plate type plasma reactor. 

13. A method according to claim 11, wherein a plasma in said PECVD is run 
in a continuous mode during film deposition. 

14. A method according lo claim 1 L wherein a plasma in said PHC VD is run 
in a pulsed mode during film deposition 

1 5. A method according to claim 1 1 further comprising the step of flowing a 
precursor gas comprising molecules of a ring stmenrre Into said PECVD chamber. 

16. A method according to claim 1 1 further comprising the step of selecting 
a precursor having molecules with ring structures from the group consisting of 
1 3 5 J.tetramemylcyciotetrasyoxane (TMCTS, or CJV> 4 SiJ, tetmthylcyciotetrasUoxane 
(CAASU. decarnethylcyclopentasiloxane (C^OsSi,). and precursor mixnares comprising 

Si, O, and C. 
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17. A me-iod according to cksi. IS. wherein said precursor gas * TMCTS. 

! g A method according to claim U further comprising the step of mbong said 
prec ^ sor at least one member selected from the group coring of hydrogen, oxygen, 
germanium, nitrogen or fluorine containing gases. 

19 * method for fabricating a thermally stable hydrogenated oxidized silicon 
-^Icwdieleoriccon*^^ 

of heat treating said film at a temperature not higher than 300'C for a first time penod ^d hca 
of heat treating » ^ 5eMnd 

•xcaung said 51m al a temperature not lower than 300 C for a second urn y 
vnc penod being longer than said first time period. 

20 An electronic structure having layers of insulating material as intralevel 

— * > — We: of — g mate,, 
wW ch emprises SiCOH, said second .ayer of ululating material being ta intimate contact^ 

communication with said first region of metal, and 

. 5 econd region of conductor being in electrical communion wtth sa>d fust 
regi on of conductor and bemg embedded in a fthd layer of insula^ matoiai c« 
rcoH^dtodlayerof — 
of insulating material. 

2l M-electronic stature having layers of insulating material as intralevei 

: P C — — - — *• ° f **** — * mi ^ ^ yer 

insulating material. 

22. ^ electron* structure havmg layers of tnsulaung material a, inttleval 
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or interim dto i- • — W daim 20 ^ MmPr:Sln8: ■ , „ 

a to dielecric cap layer between said second layer of abating material and 

sa : d third layer of insulating material, and 

a second dielectric «p layer on top of .aid third layer of insuring matenal. 

23 An eie«onic structure having layers of dialing material as intralevel 
or in.cr.eve, Electrics in a wiring structure wording to claim 21. herein said dielectric cap 
^ being formed of a material seated front the group coning of silicon o.de, sutcan 
u Le silicon oxinitnde, refractory metal silicon nttride with the refractory metal , el ng Ta, ft 
H , or W, silicon carbide, silicon carbe-oxide. their hydrogen-containing compounds and 
modified SiCOH. 

24 An electronic structure having layers of insulating material as intralevel 
„ inter ,evel dielectrics in a «n*« according to clam, 22, where, sa^t and said 
dielectnc cap layers are formed of amaterial sele^d from the group « of ,*« 
Td^ilicon nitride, silicon Stride, refractory metal silicon nitride with the refractory m«a 
Z T, ft Hf or V. **» carbo-oxide. to hydrogen.ontai.ing eom^ds and modrfed 

SiCOH. 

• * ~ L^ no i flV -.~ nf instating material as intralevel 
25 An electronic structure having layers ox uiiui*^ 

or interlevel dielectncs in a wiring secure according to claim 20, wherein said to iayerof 
gating mater* U oxide, silicon nitride, phosphosiheate glass (PSO, 

borophosphofclicate glass (BPSO) or other doped vaneties of these matenals. 

26 An electronic structure having layers of insulating material as intralevel 
or m «rlevel dieiectrics in a wiring suture according to claim 20 further comprising: 

seMO d layer of insula^ material and said third layer of inflating matenal. 

27 An electronic structure having layers of insulating material as an intralevel 
or interievel dielectrics in a wiring snucutre according to claim 20 further compnsing: 
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a diclccrric reactive ion e 


chine CUE) hard mask/polish siop layer od top of said 

second layer of insulaLng material and 

a d.elec^c cifiusion barrier layer on top of said RIEhard abolish stop layer. 

28 An electronic structure having layers of insulate matenal as intralevel 
or inters dielectncs in a wing structure according to claim 20 further comprising: 

a first dielectric R1E hard mask/polish stop layer on top of said second layer of 

insulating material, # 

a fist dielectric diffusion barrier layer on top of said tot dielectnc RIE hard 

mask/polish stop layer, 

a second dielecttc RIE hard masfc'polish stop layer on top of said ttord layer of 

insulating material, and . , , 

a second dielectric differ, barrier layer on top bf said second dielectnc RIE hard 

mask/polish stop layer. 

29 At. electronic structure having layers of insulating material as inmlevel 

cap iayer between an interlevel dielectric of SiCOH and an intralevel dielectric of S.COH. 

30. An decnonic structure having layers of insulating material as intralevel 

or teterlevel dielectrics in a wiring structure comprising: 

a pre-processed semiconducting substrate having a first region of meuu embedded 

first laysr of insulating material, and 

at least one fine region of conductor embedded in at lost one second layer of 
insulating mattrial which comprises SiCOH, one of said at least one second layer 

Lt^Lngin^^^ 

^ region of conductor being in electric*! communication with said first region of metal. 


id a 


one 


3 1 An eleewnic structure having layer, of insulating material as intralevel 
op iaver sifted in-between each of said a, le*st one second layer of insulaung material. 
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32. Ad electronic structure having layers of insulating materia] as intralevel 
or iruerlevel dielectrics in a wiring structure according to claim 30 farther comprising: 

a first dielectric cap layer between each of said at least one second layer of 

insulating material, and 

a second dielectric cap layer on top of said topmost second layer of insulating 

material. 

33. An electronic structure having layers of insulating material as intralevel 
or interlevel dielectrics in a wiring structure according to claim 32, wherein said first and said 
second dielectric cap layers are formed of SiCOH or modified SiCOH. 

34. An electronic structure having layers of insulating material as intralevel 
or interlevel dielectrics in a wiring structure according to claim 3 1 , wherein said dielectric cap 
layer being formed of a selected material selected from the group consisting of silicon oxide, 
silicon nitride, silicon oxinitride, refractory metal silicon nitride with the refractory metal being 
Ta, Zr, Hf or V, silicon carbide, silicon carbide, their hydrogen^ontaining compounds and 
modified SiCOH. 

35. An electronic structure having layers of insulating material as intraievcl 

or interlevel dielectrics in a wiring structure comprising: 

a pre-processed semiconducting substrate having a first region of metal embedded 

in & first laver of insulating material, 

a first region of conductor embedded in a second layer of insulating material, said 
s-cond layer of 'insulating material being in mtimatc contact with said first layer of insulating 
material, said first region of conductor being in electrical communication with said first region 

of metal, . 

a second region of conductor being in electrical communicauon with said first 

rcg ion of conductor and being embedded in a third layer of insulating material, said third layer 
of i^ulatinsrnalerial being in intimate contact with said second layer of insulating material, 

a first dielectric cap layer between said second layer of insulating maicrial and 
said third layer of insulating material and 
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, on IW of said third layer of .nsulauag atrial 

oi'SuC.OandH. 

* -.it^inB in intimate contact vmn »w 

^ , nductor being m electrical comn^ni^on with sa.d first 

. second **» ^ ^ rfi^atin, ~ d ^ 

Hdeposited on at least oaeofs.d seconder ands 

^.fustlayerofinsu^material, ^ ^ of insulann* «* 

4 W rtgionof — retobed^d ^ ^ ^ rf 

ma ten^ said first regvon of coaauc 
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, diffusion torier lave: on top of *d WE hard stop iayc, wherein 

^ WE h,d raw** s-P ^ and *f*sion " 
con ? ns : ng^ofSi,C,OandH. 

38 An electron suucture hav.ng layer, of taking material as intralevel 

■ , « 0 f faring aril being in intim«e =o*»« with said first «f 

Cf . se cond re.cn of conduct ^ - 

■ t conductor and being embedded in a third layer of insulating matenat saxi ted la er 
^ m being! intimate contact with said second layer of gating .arena!, 

i ^ ^ unier lay* on top of said second HIE hard r^/poli* stop 

of a material comprising atoms of Si, C, 0 and H. 

„ An electronic structure having layers of insulating material as intralevel 
, , /uata in a-wiring suture according to claim 38 further comprising a .helectnc 
o^evelie.ecrnama^ng o and H situated between an inisrlevel dielectric 

cap layer formed of a matenal compnsmg S., C, 0 and n situateo 
layer and an intralevel dielectric layer. 
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